The voices of 20 males with a mean age of 78 years and 24 females with a mean age of 75 years were examined with a microcomputer and a phonation analyzer. In this study we examined the voice quality and phonatory function of aged persons.
INTRODUCTION
It is well known that the VOIce changes with aging and that this change is especially drastic during puberty. On the other hand, the voice of adults also changes as they' advance in age, and the voice of aged persons is different from that of adolescents. Clinically, however, we often feel some difficulty in evaluating voice disorders in aged persons, whether they are normal or pathological, because we have a limited knowledge of the voice characteristics of aged persons. The purpose of this study is to determine the characteristics of voice in aged persons from the view points of their voice quality and phonatory function and to know the normal range of them in aged persons.
METHODS AND SUBJECT
Voices of 20 males ranged in age from 70 to 91 with a mean of 78 years and 24 females ranged in age from 60 to 90 with a mean of 75 years were examined.
None of them had a history of voice disorders or pulmonary disorders and they had no history of smoking habit.
As control groups, 10 healthy young males ranged in age from 25 to 35 with a mean of 30 years and 10 healthy young females ranged in age from 24 to 35 with a mean of 26 years were examined.
Each subject was asked to phonate the sustained vowel lal at a comfortable pitch and intensity.
Examination of the sustained vowel were thought to be practical and representative. Then their voices were recorded by using a PCM recorder. Then a voice signal of 51.2 msec in duration for each subject was digitalized by an AID converter at a sampling rate .of 20KHz with 12-bits preciSIOn. These digitalized data were processed by a personal computer (NEC PC-9801VM2, Japan). From these voice data of 1024 points (51.2 msec), the fundamental frequency, fundamental frequency perturbation, amplitude perturbation and energy ratio of harmonic components were calculated. This calculation was performed about 10 times for one subject, and the values (the fundamental frequency and so on) obtained were averaged, respectively.
As shown in Figure 1 , pitch periods (Ti) of each wave, which are analogous and periodic, were transformed into frequency (Fi). The fundamental frequency was defined as the average of frequency of these periodic waves found within the data obtained at 51.2 msec.
The fundamental frequency perturbation was defined as the sum of the semitone scales, which were logarithmic differences between two frequencies, divided by the number of periods measured.
Amplitude perturbation was difined as the standard deviation of maximum amplitude in each periodic wave divided by their means.
The energy ratio of the harmonic components was calculated as follows.
From the voice data of 1024 points, the power spectrum was calculated by Fast Fourier Transformation (F. F. T.). Since the AID conversion rate is 20KHz, it is possible to calculate the power spectrum until 10KHz, and 512 points correspond The mean air flow rate during phonation was measured using a phonation Kazunori MORI, Tomoyuki HAjI, Hisayoshi KOJIMA and I wao HONjo analyzer (Minato PA-500, Japan), and the maximal phonation time was also measured.
RESULTS
The relationship between the fundamental frequency and age is shown in Figure 2 . The upper figure shows that of males and lower one that of females, and on the left side the range (mean ± standard deviation) of young controls is indicated. The subsequent figures are expressed in the same way. On the whole, no significant difference was seen between young and aged male, but a few cases with a high fundamental frequency were noted. On the other hand, in aged females, the fundamental frequency was found to be significantly lower than that in young females at the 0.1 % level. In other words, a few males with high pitch voices were seen, but on the whole, there was no significant difference between the young and aged, while in females, the voice pitch appered to become lower with advancing age. 
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The relationship between mean air flow rate and age is shown in Fiqure 6.
In aged males, there was a slight increase in mean air flow rate, but in aged females, there was no significant difference between the young and aged. Figure 7 shows the relationship between the maximal phonation time and age.
In aged males and females, there were decrease in the maximal phonation time, but especially in aged males, a decrease in the maximal phonation time seemed to be more marked. Table I and B6hme & Hecker [9] ). In this study, there were no significant differences between the fundamental frequencies of aged males and young males.
However, as shown in Figure 2 , there were some aged males with a high fundamental frequency. Honjo & Isshiki [8] and B6hme & Hecker [9] h_ave shown that the fundamental frequency in females decreases with aging, and their report was consistent with our results. Considering the report of Honjo & Isshiki [8] and our results, it appears that there is a tendency for the fundamental frequency to increase in males and to decrease in females. These changes seemed to be influenced largely by morphological changes in the larynx due to endocrinological changes, such as a change in the estrogen system after memopause in females, and a change in the androgen system in males.
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.. approximation from the power spectrum using Fast Fourier Transformation, and the ratio with the total power was calculated. Using a peak picking method, the power of the harmonic components can be measured with considerable accuracy.
A decrease in the harmonic components in aged males was seen when compared with young adults, and no change was observed in aged females. Since a decrease in the harmonic components is thought to be equivalent to an increase in the noise component, it was suggested that the noise component of voice increases in aged
males.
An increase in the mean air flow rate during easy phonation was observed in aged males, but in aged females, the mean air flow rate was within the nomal range. Our result is thought to be confirmed by the report of Honjo & Isshiki [8] , who found that a glottal gap was seen frequently in aged males but in aged females edematous changes were frequently observed. A decrease in lubrication, which is often observed in the larynx of aged person, may be one of the factors which influences the mean air flow rate.
The maximal phonation time decreased III aged males and females, and this result was consistant with the report of Ptacek & Sander [12] . As the explanation for this result, Segre & Aires [13] pointed out a decrease in pulmonary function, especially a decrease in the vital capacity. Also we observed that in aged males the maximal phonation time decreased more markedly than in aged females. This results may be caused by an increase in the mean air flow rate due to an increase III the glottal gap during phonation.
